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(54)Titie: RECYCLING OF GALVANIC CELLS 
(57) Abstract 

Lithium ion cells in which the cathode contains a particulate 
insertion material and a binder are cut open in a dry, inert 
atmosphere (10). The cell components are treated with a first 
organic solvent (12) to dissolve the electrolyte, so that this can 
be reused. They arc then treated with a second organic solvent (16) 
to dissolve the binder, and the particulate material separated (18) 
from the solution of binder. The insertion material is then reduced 
(22) so that it does not contain intercalated lithium. The reduction 
process may be performed electrolytically. 
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RECYCLING OF GALVANIC CELLS 

This invention relates to a process for treating 
lithium cells and cell coinponents so that coinponent 
materials can be safely recovered for reuse, particularly 
but not exclusively for treating rechargeable lithium ion 
cells in which both the anode and cathode comprise 
insertion materials. 

Several of the component materials in rechargeable 
lithium ion cells are potentially valuable, so that their 
recovery and reuse is clearly desirable. In particular, 
the cathodes of such cells may contain metal oxides such 
as lithium cobalt oxide or lithium nickel oxide (or a 
mixed oxide of the type LiCo^Ni^_^02) ; t>e possible 

to reuse these oxides in this form, although it would 
usually be preferable if they could be converted to 
cobalt (II) oxide or nickel (II) oxide (or the mixed 
oxide) not containing intercalated lithium. 

Furthermore the electrolyte may contain ingredients 
such as lithium tetraf luoroborate or lithium hexafluoro- 
phosphate which could be reused in making batteries; the 
latter material however has poor thermal stability, and 
undergoes hydrolysis in the presence of water. Canon KK 
have described, in EP 0 613 198 A, methods for recovering 
materials from lithium cells in which an organic solvent 
is used to dissolve electrolyte material from the cells, 
but the cathode active material along with polymer binder 
is merely pulverized. 

According to the present invention there is provided 
a process for treating cells, each cell including 
particulate cathode material and a binder, an 
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electrolyte, and an anode material, the process 
comprising the following steps: 

a) cutting up the cells in the absence of water; 

b) contacting the cells with an organic solvent so 
as to dissolve out the electrolyte and any electrolyte 
solvent ; 

c) then contacting the cells with a solvent for 
the binder, and thereby separating the particulate 
material; and 

d) reducing the particulate cathode material to 
15 remove intercalated ions. 

The invention also provides a process for treating 
cell components comprising particulate cathode material 
and a binder, the process comprising subjecting the cell 
component to the steps a) and c) , and then performing the 
step d) . 



20 



In a preferred method the particulate cathode 
material is reduced electrochemically . For example 

25 lithium cobalt oxide may be reduced to cobalt (II) oxide, 
thereloy also generating lithium hydroxide. The cells may 
also contain particulate carbon both in the cathode, and 
as an anode material, the anode incorporating the same 
binder as in the cathode, so that the particulate 

30 material separated in step c) will be a mixture of carbon 
and cathode material; the particulate carbon does not 
interfere with the electrochemical reduction process, and 
indeed it may improve it, as it improves the conductivity 
of the mixed particle bed. in a modification of this 

35 method the particulate material is electrochemically 
reduced at a circulating particulate bed electrode. 
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The components of the cells which remain after the 
two dissolution steps described above are principally the 
metal foil current collectors from the anode (typically 

5 copper) and from the cathode (typically aluminium), the 
separator, which is typically a non-woven fabric or a 
micro-porous membrane of a material such as 
polypropylene, and any cell casing, insulators and seals. 
These materials can be separated hy their density, and 

0 possibly by their magnetic properties. 

The cutting up of the cells may be performed using a 
mechanical cutting mechanism, or using a laser. This 
step is preferably performed in an inert atmosphere, 
which might for example comprise dry nitrogen. The 
organic solvent used in step b) to dissolve out the 
electrolyte preferably also contains no water, and this 
dissolution step is preferably performed at a temperature 
which does not exceed for example 60^C, so that 
potentially unstable electrolyte salts such as lithium 
hexafluoro-phosphate are not degraded. The dissolution 
process preferably involves re-circulating the solvent 
through a vessel containing the cut up cells; the solvent 
may be recirculated sufficiently vigorously that the cut 
up cells form a fluidised bed. 

The invention will now be further and more 
particularly described, by way of example only, and with 
reference to the accompanying drawings in which: 

Figure 1 shows a flow chart for the cell treatment 
process; 

Figure 2 shows, in diagrammatic sectional view, 
equipment for performing dissolution steps of the process 
of Figure 1; 
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Figure 3 shows, in diagrammatic sectional view, 
alternative equipment to that of Figure 2; 

Figure 4 shows, in diagrammatic sectional view, 
equipment for performing an electrochemical reduction 
step in the process of Figure 1; and 

Figure 5 shows, in diagrammatic sectional view, 
alternative equipment to that of Figure 4. 



In this example a process will be described for 
recovering component materials from lithium-ion cells 
which comprise an anode, an electrolyte, and a cathode, " 

15 inside a cell casing. The cells may be used cells, or 
may be cells rejected during manufacturing. The anode 
consists of a copper foil on which is a coating of carbon 
particles and PVdF as a binder; the cathode consists of 
an aluminium foil on which is a coating of lithium cobalt 

20 oxide particles, and carbon particles, and PVdF as a 
binder; the anode and the cathode are separated by a 
micro-porous polypropylene membrane containing, as 
electrolyte, lithium hexaf luoro-phosphate dissolved in an. 
electrolyte solvent which may contain ethylene carbonate, 
25 propylene carbonate, diethyl carbonate, or dimethyl 

carbonate for example, or mixtures. of these. These are 
all enclosed in a steel casing. 



Referring to Figure 1, the first step in the process 
is to cut up the cells in an inert atmosphere and in the 
absence of water (step 10), so that in the subsequent 
steps the solvents can contact the components of the 
cells. This process is' desirably carried out in a 
dry nitrogen atmosphere, and the cutting may be performed 
35 using a laser, or mechanical shears for example. The 
casing is cut open and the other components, which are 
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typically woxmd into a spiral, are removed. (In the 
process as described here, no further cutting is required 
at this stage; in a modification to the process, however, 
these other coitponents are then further cut up or 
5 shredded to form small pieces typically one centimetre 
square, as described later.) 

The spiral wound components (i.e. anode, separator, 
and cathode) are then placed in a mesh basket, each 
10 spiral being located on a spike, and the basket is 
enclosed in a transfer container containing a dry 
nitrogen atmosphere. 



20 



The basket containing the cell components is then 
15 transferred to a dissolver vessel purged with dry 
nitrogen, and the basket lowered to the base of the 
vessel. In the next step 12, an organic solvent, 
acetonitrile, is ptimped into the dissolver vessel, warmed 
to 50^C, and recirculated through the vessel for a few 
hours to ensure that all the electrolyte and electrolyte 
solvent is dissolved. The acetonitrile is then pumped 
into an evaporator vessel, the pressure in the vessel 
lowered to below atmospheric pressure (e.g. 10 mm Hg) , 
and the vessel heated to 50 or 60<=>C to boil off the 
25 acetonitrile (step 14) . The acetonitrile vapour is 
condensed and can be returned to a storage tank. The 
solution of electrolyte (lithium hexaf luoro-phosphate) in 
electrolyte solvent (propylene carbonate etc.) may be 
stored for reuse (step 15). 



30 



NMP (N-methyl-pyrrolidone or l-methyl-2-pyrrolidone) 
as a solvent for the binder is then pumped into the 
dissolver vessel, warmed to 50°C, and recirculated 
through the vessel for a few hours to ensure that all the 
35 binder has dissolved (step 16) . The NMP containing the 
PVdF in solution and the particulate material in 
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suspension is then drained out of the dissolver vessel 
and passed through a filter (step 18) . The filtrate is 
pumped into an evaporator vessel, the pressure in the 
vessel may be lowered to below atmospheric pressure, and 
5 the vessel heated to say 90^C to boil off the NMP (step 
20) . The NMP vapour is condensed and can be returned to 
a storage tank for subsequent use in the dissolver 
vessel . 

0 The filter is then back-washed with water and the 

suspension of particulate material (lithixam cobalt oxide 
and carbon) in water transferred to an electrolysis cell. 
The filter is then dried with nitrogen gas before reuse. 
In the electrolysis cell the lithium cobalt oxide is 
15 subjected to electrolytic reduction adjacent to the 
cathode of the cell, the cell electrolyte being a 
solution of lithium hydroxide in water (step 22) , to form 
cobalt (II) oxide, and increasing the concentration- of 
the lithium hydroxide solution. The reaction can be 
20 represented by the equation: 

e + + LiCodlDOj Co (11)0 + Li* + 20K 

Finally, at step 24, the lithium hydroxide solution 
5 is decanted from the cell and the cobalt oxide and carbon 
mixture is washed (step 25) and removed for storage. It 
should be noted that although the carbon may initially 
contain intercalated lithi\jm ions, these come out into 
solution when the carbon is in contact with water or 
0 aqueous lithium hydroxide solution without the need for 
any chemical treatment. 

The solid materials remaining in the dissolver, i.e. 
copper foil, aluminium foil, and micro-porous plastic 
5 sheet, are then removed and can be sorted for storage 
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(step 26) . One way in which this may be. perfoarmed is to 
shred the materials (if this has not been done already) 
and then separate them according to their densities. If 
steel is also present, it may be separated by its 
5 magnetic properties. 
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Referring now to Figure 2, there is shown a 
dissolver vessel 30 suitable for performing the 
dissolution steps 12 and 16 described above. The vessel 
comprises a domed lid or upper portion 32 and a 
generally cylindrical lower portion with a curved base 34 
which are sealed to each other at a flanged joint 35. 
The upper portion 32 encloses a mesh basket 3 6 above a 
base plate 3 8 which are both supported by a slide rod 40 
15 which projects through a seal 42, the base plate 38 
sealing to an inner flange 39, while the basket 36 is 
being transferred from the cutting up station (not shown) 
to the dissolver vessel 30; and after the upper portion 
32 has been joined to the lower portion 34 the basket 3 6 
along with the base plate 38 are lowered into the lower 
part of the lower portion 34 as shown. The lower portion 
34 is provided with several valved inlets or outlets as 
follows: an inlet 44 for dry nitrogen, an outlet 45 
connected to a gas extracting vent; an inlet 4 6 for 
25 acetonitrile, an outlet 47 in the base for acetonitrile, 
and a pressure equalisation duct 48 connected to the 
acetonitrile evaporator vessel (not shown) ; an inlet 49 
for NMP, an outlet 50 in the base for NMP, and a pressure 
equalisation duct 51 connected to the NMP evaporator 
30 vessel (not shown) ; an inlet 52 for water and an outlet 
53 in the base for water. The lower portion 34 is 
also provided with trace electrical heating 54 so that it 
its contents may be warmed to for example 50°C. 

"^"s in operation the upper portion 32 enclosing 
the basket 36 is sealed to the lower portion 34, and the 
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lower portion 34 is thoroughly dried by purging with dry 
nitrogen via the inlet 44 and the outlet 45; the basket 
36 is then lowered into the position shown. Acetonitrile 
is then circulated through the vessel 30, which is held 
at 50^C, via the inlet 46 and outlet 47; after three or 
four hours the inlet 46 is closed, the pressure 
equalisation duct 48 is opened, and the acetonitrile is 
pumped via the outlet 47 to the evaporator vessel. NMP is 
then circulated through the vessel 30, which is still 
held at SO^C, via the inlet 49 and outlet 50; after three 
or four hours the inlet 49 is closed, the pressure 
equalisation duct 51 is opened, and the NMP is puirped via 
the outlet 50 to the NMP evaporator vessel. Any 
remaining water-soluble salts can then be removed by 
15 washing with water via the inlet 52 and the outlet 53. 

It will be appreciated that the dissolution steps 12 
and 16 might instead be performed in a different vessel. 
For exairple the cells might be shredded, either along 
with the casings or after removal of the casings, for 
example into pieces about 1 cm square, which might be 
processed in a fluidised bed vessel as shown in Figure 3 
to which reference is now made. The shredded pieces are 
fed via a hopper 55 into a dissolution chamber 6 0 defined 
25 between lower and upper mesh screens 62. An organic 

solvent such as acetonitrile is then circulated by a pump 
63 and a duct 64 sufficiently vigorously that the pieces 
in the dissolution chamber 60 become fluidised. This may 
enable faster dissolution rates to be achieved than the 
dissolver vessel 3 0 described in relation to Figure 2. 
When the dissolution process has been completed, the 
pieces can be removed via an exit duct 66. 

Referring now to Figure 4 there is shown a cell 70 
35 for the electrolytic reduction of the lithium cobalt 
oxide (step 22 in Figure 1). The cell 70 comprises a 
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generally cylindrical, plastic- lined steel vessel 72 with 
a flat base. On the base is a carbon electrode 74 whose 
upper surface slopes towards a central shallow recess 75. 
A lid 7 6 carries a platinized titanium electrode 78 and 
inlets and outlets as follows: an inlet 80 for lithium 
hydroxide solution, an inlet 81 for water and particles 
of carbon and lithium cobalt oxide from the filter (not 
shown) , an outlet duct 82 for lithium hydroxide 
solution which extends to a position well above the 
electrode 74, an outlet duct 83 for lithium hydroxide 
solution and treated particles, which extends into the 
central recess 75, and an outlet duct 84 for any gases 
generated during electrolysis. 



In operation a mixture of carbon and lithium cobalt 
oxide particles washed off the filter by a stream of 
water flows into the cell 7 0 via the inlet 81 and settles 
out to form a bed on the electrode 74. Aqueous lithium 
hydroxide solution is supplied via the inlet 80 so the 
liquid level is above the electrode 78. A voltage of 
about 2.0 volts is then applied between the carbon 
electrode 74 as cathode and the other electrode 78 as 
anode, the voltage being such as to restrict hydrogen 
generation, and electrolysis is continued until the 
25 electric current decreases significantly. This indicates 
that the electrolytic reduction of the lithium cobalt 
oxide has been substantially completed. The electric 
current is then stopped, and most of the lithium 
hydroxide electrolyte in the cell is extracted through 
the duct 82 (whose open end is slightly above the top of 
the particle bed) . The remaining lithium hydroxide 
solution along with all the particles are then extracted 
via the duct 83 to a filter (not shown) . The particles 
of carbon and cobalt (II) oxide can then be washed off 
the filter with water, and stored for reuse. 



35 
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It will also be appreciated that this electrolytic 
production process might be carried out in a different 
cell, for example a fluidised bed, or a divided cell 90 
with a circulating particle bed electrode 92 as its 
cathode, as shown diagrammatically in Figure 5 to which 
reference is now made. in the cell 90 a membrane 93 
separates the anolyte region 94 from the catholyte region 
95, and these are inclined at an angle to the vertical. 
A platinized titanium electrode 96 is provided as the 
anode, and an anolyte such as aqueous lithium hydroxide 
is passed through the region 94. A carbon cathodic plate 
97 forms the rear surface of the region 95 and a 
catholyte, which may also be lithium hydroxide solution, 
is pumped upwardly through the catholyte region 95 
15 between an inlet 98 and an outlet 99; the particles are 
introduced into the catholyte region 95, and the 
electrolyte flow is sufficiently vigorous that the 
particles circulate upwardly adjacent to the membrane 93, 
and then downwardly as a flowing packed bed 92 over the 
20 cathode plate 97. A voltage of about 1.75 volts is 
applied between the electrodes 96 and 97, and lithium 
cobalt oxide is reduced to cobalt (II) oxide. Such a 
circulating particle bed electrode is described by F. 
Goodridge et al (Electrochim. Acta 22 (1977) 1087), and 
25 in US 3 945 892 and US 3 981 787 (G.S. James et al) . 

It will be appreciated that the process of the 
invention may be modified in various ways. For example 
if the electrolyte solvent obtained at step 15 is a 
30 mixture, for example containing diethyl carbonate, 
dimethyl carbonate and propylene carbonate, then the 
first two (DEC and DMC) can be extracted by distillation 
at reduced pressure. 

35 It will also be appreciated that the process is 

equally applicable to lithium ion polymer cells, which 
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have a polymer electrolyte in place of the separator and 
liquid electrolyte. If the polymer electrolyte contains 
PVdF then it will be dissolved out by the NMP along with 
the electrode binder (at step 16). If it contains a 
different polymer then the solvents would have to be 
selected accordingly. 
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Claims 



1. A process for treating cell components comprising 
particulate cathode material and a binder, the process 
comprising the following steps: 

a) cutting up (10) the cell components in an inert 
atmosphere and in the absence of water; 

^) t^^n contacting (16) the cell coitponents with a 
solvent for the binder, and thereby separating (18) the 
particulate material; and 

c) reducing (22) the particulate cathode material 
15 to remove intercalated ions. 

2. A process for treating cells, each cell including 
particulate cathode material and a binder, an 
electrolyte, and an anode material, the process 
coitprising the following steps: 



20 



a) cutting up (10) the cells in an inert 
atmosphere and in the absence of water; 

s contacting (12) the cells with an organic 

solvent so as to dissolve out the electrolyte and any 
electrolyte solvent; 



c) then contacting (16) the cells with a solvent 
for the binder, and thereby separating (18) the 
particulate material; and 

d) reducing (22) the particulate cathode material 
to remove intercalated ions. 



35 
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3 . A process as claimed in claim 1 or claim 2 wherein 
the particulate cathode material is reduced 

el ec t rochemi cal ly • 

4. A process as claimed in claim 3 wherein the 
particulate material is electrochemically reduced at a 
circulating particulate bed electrode (97) . 

5 . A process as claimed in any one of the preceding 
claims wherein the or at least one dissolution process 
{12, 16) involves re-circulating the. solvent through a 
vessel (30. 60) containing the cut up cell components or 
cut up cells. 

6. A process as claimed in Claim 5 wherein the solvent 
is recirculated sufficiently vigorously that the cut up 
cell components or cells form a fluidised bed. 



wo 99/34473 



PCT/GB98/03S99 



1/3 



CELLS 



Fig.1 



10 



i 



CUT UP 



-►STEEL 



ACETONITRILE-^ 



DISSOLVE 
ELECTROLYtE 



14 



ACETONITRILE— 



2^ 



EVAPORATE 
SOLVENT 



15 



I 



STORE 
ELECTROLYTE 



12 



NMP-^ 



16 



DISSOLVE 
BINDER 



18 



FILTER 



20 



NMP- 



EVAPORATE 
SOLVENT 

} 

BINDER 



WATER 



LiOH 



26 



SORT 
SOLIDS 



TTT 

Cu Al PLASTICS 



ELECTROLYSE 



22 



LiOH ^ 
SOLUTION^*" 



DECANT 



I 



WASH 
CoO 



24 



25 



wo 99/34473 



2/3 



PCT/GB98/03599 




wo 99/34473 



3/3 



PCT/GB98/03S99 



Fig.4. 




INTERNATIONAL SEARCH REPORT 



Ir ational Application No 

PCT/GB 98/03599 



A. CLASSIFICATION OF SUBJECT MATTER ' 

IPC 6 HOlMlo/54 H01M6/52 C22B26/12 C22B7/00 



_ Accord.ng to intematronal Paterrt Cl assification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHHO ~ " 



Mimmumdocum^entat^ns^ (classification system followed by classrfication symbols) ' 

Documentation searched other than minimum documentation to the e xtant that such documents are included .n the fields saarched " 
Electronic data base consutted during the international search cname o f data base and. where practical, search tem^ used l 



C. DOCUHflENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



EP 0 673 075 A (HITACHI LTD) 
20 September 1995 
see column 2, line 20 - line 25 
line 11 ~ line 14 
line 32 - line 50 
line 32 - column 9, 



see column 5, 
see column 6, 
see column 8, 
see example 1 
see column 12 
see column 13 
see column 16 
see claim 8 



line 1 



line 49 - line 51 
line 22 - line 32 
line 22 - line 24 



EP 0 618 633 A (HITACHI LTD) 
5 October 1994 



see 


column 


1. 


1 ine 


53 - 


see 


column 


3, 


line 


38 - 


see 


column 


3, 


1 ine 


55 - 


see 


column 


7, 


1 ine 


7 - • 



line 45 



line 10 
line 1 



Relevant to daim No. 



1-3 



1,2 



-/-- 



nn P"rther documents are listed in the continuation of box C. 
Special categories of cited documents : 



|X I P^Of* tam\]y members are listed in annex. 



-A- document defining the general state of the art which is not 
constderod to be of particular relevance 

"E- earlier document but published on or after the mtematlonal 
niing date 

T" document which may throw doubts on priority claimfslor 
Which is crted to establish the puWicatlond^e 5 aSSher 
citation or other spectai reason (as specn^) 

"O- doajment referring to an oral dtscJosure. use. exhibition or 
other means 

"P- document published prior to the international filing date but 
later than the priortty date Claimed •■"•saawoui 



'^J^^Sj^nwrtPti'lfehed after the International filing date 
or prtonty date and not in conflict with the application but 
Crted to understand the principle or theory underiying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
tfivoive an inventive step Mrtien the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
nrients, such combination being obvious to a person skilled 
tn the art. 

document member of the same patent family 



Date of the actual completion of the intematnnal search 

16 March 1999 



Name and mailing address of ihe ISA 

European Patent Office. RB. 5818 Paientlaan 2 
NL • 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 eoo nl 
. Fax: (+31.70) 340-3016 ^ 

Foim PCT/ISAaiO (second sheet} (july 1992> 



Date of mailing of the international search report 

24/03/1999 



Authorized officer 



Gamez, A 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



t. lotional Appllcatton No 

PCT/6B 98/03599 



Citauon of document, with indication.where appropnate. of the i«levani passagor 



I Retevant to daim No. 



EP 0 613 198 A (CANON KK) 31 August 1994 

cited In the application 

see column 2, line 50 - column 3, line 39 

see column 4, line 12 - line 21 

see column 4, line 39 - line 48 

see column 5, line 43 - line 50 

see figure 2 

EP 0 261 747 A (SHELL INT RESEARCH) 
30 March 1988 

see page 2, line 4 - line 9 
see page 2, line 18 - line 24 
see page 3, line 50 - line 55 

US 3 945 892 A (JAMES GEORGE STEPHEN ET 

AL) 23 March 1976 

cited in the application 

see column 1, line 7 - line 16 

see column 1, line 62 - column 2, line 3 

see column 4. line 22 - line 25 



1,2 



4,6 



4,6 



Foim PCT/IS A/210 (continuadon of second sh««t} (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Infoimatlon on patent family members 



Patent document 
cited in search report 



Publication 
date 



EP 0673075 



EP 0618633 



li tational Application No 

PCT/GB 98/03599 



Patent family 
member(s) 



20-09-1995 



05-10-1994 



EP 0613198 A 



31-08-1994 



EP 0261747 A 



30-03-1988 



US 3945892 A 



23-03-1976 



AT 355816 8 

AT 637774 A 

AT 347907 B 

AT 637874 

AU 7199274 

BE 818453 

BE 818454 

CA 1086254 

CA 1026710 

DE 2437271 

DE 2437273 

DK 413274 

DK 413374 

FI 227074 A.B, 

FI 227174 A,B, 

FR 2239287 

FR 2239288 

GB 1483464 

6B 1485301 

IE 39814 B 

IE 40238 B 

IN 142606 

JP 1127411 

JP 50071578. 

JP 57020394 B 

JP 50070840 A 

LU 70650 

LU 70651 

NL 7410502 

NL 7410503 A,B, 

SE 417335 B 

SE 7409897 A 



A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



A 
A 
A 
A 



A 
C 
A 



A 
A 

A 



Publication 
date 



JP 


6338353 A 


06-12-1994 


DE 




AO 1 f\f\o 


US 




18-03-1997 


US 


5679477 A 


21-10-1997 


JP 

u r 




06-12-1994 


JP 


A 


06-12-1994 




ODcoy/o A 


13-05-1997 


us 


/ DCO A 


28-01-1997 


us 


0/im£.)r A 


03-02-1998 


JP 


Cf C IHD / o 


04-03-1998 


JP 


uc.OLO\JD A 


09-09-1994 


us 


luo / A 


13-02-1996 


AU 


592016 B 


21-12-1989 


AU 


7890387 A 


31-03-1988 


CA 


1321972 A 


07-09-1993 


DE 


3781756 A 


22-10--1992 


DK 


499887 A 


26-03-1988 


JP 


63089692 A 


20-04-1988 


NO 


177014 B 


27-03-1995 


US 


4824541 A 


25-04-1989 


ZA 


8707151 A 


24-03-1988 


CA 


1321971 A 


07-09-1993 



25-03-1980 
15-08-1979 
25-01-1979 
15-06-1978 
05-02-1976 
02-12-1974 
02-12-1974 
23-09-1980 
21-02-1978 
13-02-1975 

20- 02-1975 

21- 04-1975 

07- 04-1975 
04-02-1975 
04-02-1975 
28-02-1975 
28-02-1975 
17-08-1977 

08- 09-1977 

03- 01-1979 

11- 04-1979 
30-07-1977 
14-12-1982 
13-06-1975 
.28-04-1982 

12- 06-1975 
10-12-1974 
10-12-1974 
05-02-1975 
05-02-1975 

09- 03-1981 

04- 02-1975 



Fonn PCT/ISA/210 (patttnt (amiiy annex) (July %992) 



page 1 of 



2 



INTERNATIONAL SEARCH REPORT 

Inf ormatlon on patent family members 



tn lUonal Application No 

PCT/GB 98/03599 



Patent document 
ctted in search report 



Publication 
date 



Patent family 
memt)eF(s) 



US 3945892 



PubDcation 
date 



US 
US 



3974049 A 
3981787 A 



10-08-1976 
21-09-1976 



Foim PCT/ISA/210 {patent family annex) (July 1992) 



page 2 of 2 



